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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 This invention generally relates to an all-digital motor control system and, more particularly, to a system 

for controlling the speed or armature position of a motor. 

2. Description of Related Art 

10 Speed control systems for controlling the speed of motors are generally known. However, such systems 

rely, at least in part, on analog signals and an analog-to-digital converter to convert the analog signals to digital 
signals for subsequent processing by digital signal processors. This adds hardware complexity and rigidity to 
the overall system. Also, the reliance on analog signals, at least in part, introduces an element of inaccuracy 
in motor speed control. 

15 

SUMMARY OF THE INVENTION 

1 . Objects of the Invention 

20 It is a general object of this invention to advance the state of the art of control for motors. 

It is another object of this invention to reduce the hardware requirement and system rigidity in such control 
systems. 

Another object of this invention is to provide all-digital motor control systems, and with the attendant ad- 
vantages of accuracy and speed of response. 
25 Another object of the invention is to provide a motor control system which has particular application in sur- 

gical procedures. 

Another is to provide a system which accurately controls surgical pumps, and motor driven surgical tools. 

2. Features of the Invention 

30 

In keeping with these objects, and others which will become apparent hereinafter, one feature of this in- 
vention resides, briefly stated, in an all-digital control system for a motor having an armature. The system com- 
prises a main digital signal processor for supplying a digital command signal indicative of a desired motor op- 
eration. A drive controller in direct digital communication with the main processor generates, for each phase, 

35 and in response to the command signal, a digital commutation signal to move the armature with a digital pulse 
width modulated signal having a duty cycle established by the input command signal. 

The system further comprises switching means, e.g. a multi-phase bridge, in digital communication with 
the controller. The bridge is operative for generating, for each phase, and in response to each commutation 
signal and each pulse width modulated signal, a digital two-state control signal having an on-state which lasts 

40 for the duty cycle. 

The system still further comprises means in digital communication with the controller, for generating, for 
each phase a digital tachometer signal indicative of armature position. The controller is further operative for 
processing the tachometer signal to generate a digital output signal indicative of the actual armature speed or 
position. The controller directly digitally communicates the output signal to the main processor. 

45 In a preferred embodiment, the main processor and the drive controller are interconnected by, and digitally 

communicate through, a plurality of optical fibers. No analog signals and, or course, no analog-to-digital con- 
verters, are used anywhere in the speed control systems, thereby simplifying the hardware requirement for 
such system, and also eliminating any inaccuracies due to the presence of analog signals. 

Another feature of this invention resides in shutting down the system upon the elapse of a predetermined 

50 time during which no input signal is received by the controller. 

The control system has particular applications for surgical equipment, e.g. for accurately controlling pumps 
used to maintain pressure of saline solution inside a body cavity during an operation, and for motor driven sur- 
gical drills, saws, rasps, scalpels, scissors; and for limiting torque on the motor driven surgical instruments to 
avoid breakage and shattering of the instruments especially when inside a patient. 

55 The novel features which are considered as characteristic of the invention are set forth in particular in the 

appended claims. The invention itself, however, both as to its construction and its method of operation, to- 
gether with additional objects and advantages thereof, will be best understood from the following description 
of specific embodiments when read in connection with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a general block diagram of the overall all-digital speed control system according to this invention; 

FIG. 2 is a detailed electrical schematic of the system of FIG. 1; 
5 FIG. 3 is a flow chart depicting part of the operation of the controller; 

FIG. 4 is a flow chart depicting another aspect of the operation of the controller; and 

FIG. 5 is a flow chart depicting still another aspect of the operation of the controller. 

FIG. 6 is a schematic block diagram of a surgical procedure, using the system of the invention. 

FIG. 7 is a perspective view of a surgical tool. 
10 FIG. 8 is a cross-sectional view through FIG. 7. 

FIG. 9 is a schematic side view of a rasp. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

15 The present invention is illustrated in terms of a control system for controlling the speed of a brushless 

three-phase, DC motor. Referring now to the drawings, FIG. 1 is a general block diagram, and FIG. 2 is a more 
detailed electrical schematic, of the overall all-digital motor speed control system of this invention. Reference 
numeral 10 identifies a brushless, three-phase, DC motor having an armature 12. Preferably, the motor is ob- 
tained from BEI Kimco Magnetics Division of San Marcos, California, as its part No. DIH 23-20-BBNB. This 

20 motor has a plurality of conventional Hall-effect sensors 14 mounted about the armature to sense armature 
position. 

The system includes a main digital signal processor (CPU) 16, preferably constituted as integrated circuit 
chip No. 87C51-PLCC. Main processor 1 6 is in direct digital communication with a drive controller 18, preferably 
also constituted as integrated circuit chip 87C51-PLCC. Processor 16 supplies a digital input speed signal RX 

25 indicative of a desired armature speed to the controller 18 over line 20. The controller 18, as will be described 
in detail below, supplies a digital output speed signal TX indicative of the actual armature speed to the proc- 
essor 1 6 over line 22. Controller 1 8 also communicates with the processor 1 6 over a RESET line 24. Lines 20, 
22, 24 are high speed buses capable of transmitting data at 375 kbaud. Preferably, communication lines 20, 
22 and 24 are optical fibers. However, the main processor and the controller may communicate means such 

30 as a parallel communication bus, a high speed serial hardwired interface or the like. 

Upon receipt of the input speed signal RX, controller 18 executes a software program as set forth on pages 
A-1 through A-3 of the attached Appendix. Controller 18 generates a set of six commutation signals, two for 
each phase of the motor, together operative for rotating the armature. More specifically, the controller includes 
an interior look-up table having a listing of six commutation bit patterns, each pattern representing a discrete 

35 command for the armature at an angular position spaced 60 electrical degrees from the previous armature 
position. The commutation signals are fed through, and processed in, a three-phase bridge circuit 26, and op- 
tionally, through a bridge driver circuit (see FIG. 2), wherein three position control signals, one for each phase, 
ar output to the motor 10. The Hall-effect sensors 14 sense rotation of the armature and generate two-state 
Hall-effect signals which advise the controller 18 when to generate, the commutation signals. 

40 This latter aspect of the controller 18 is displayed in the flow chart of FIG. 3. The generation of the com- 

mutation signals is indicated by block 28. The reading of the Hall-effect sensors is denoted by block 30. If the 
controller 18 recognizes that the state of the Hall-effect signals has changed (block 32), then the new state is 
saved (block 34) and the next commutation bit pattern is output to the motor (block 36). Thereafter, an internal 
counter operative for generating a tachometer (TAC) signal is incremented (block 38) prior to the next reading 

45 of the Hall-effect sensors. The tachometer signal is eventually processed to generate the aforementioned out- 
put speed signal TX. If the state of the Hall-effect sensors did not change in block 32, this indicates that the 
armature has not moved 60 electrical degrees and, hence the controller attempts to read the Hall-effect sen- 
sors again in block 30. 

Controller 18 also generates in response to command data from the processor 16, a digital pulse width 
50 modulated (PWM) signal having a duty cycle established by said command data. The PWM signal is carried 
on a carrier signal having a frequency which, in the preferred case, is 3.90625 kHz. Controller 18 has an internal 
software PWM timer which, in the preferred case, establishes a PWM cycle of 256 microseconds. The PWM 
cycle has a high and a low state. The PWM output is allowed to continue running during the high state, but is 
re-set to OFF in the low state. The command data controls how long the PWM timer runs; in the preferred case, 
55 from 14 - 242 us. In this way, the duty cycle of the PWM signal is controlled from 5.47% - 94.53%. 

This aspect of the controller operation is depicted in FIG. 4. Block 40 represents the generation of the PWM 
signal. The controller toggles and generates a two-state PWM bit (block 42) and tests the state of the PWM 
bit in block 44. If the PWM bit has a low state, then, as depicted in block 46, the PWM timer is re-loaded from 
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a command byte supplied by type processor 16. If the PWM bit has a high state, then the PWM timer is re- 
loaded with the 2's complement of its existing value (block 48). 

As best shown in FIG. 1 , the PWM signal is fed to a drive logic unit 50 which, as shown in FIG. 2, comprise 
three AND gates to which three of the commutation signals are conveyed. Unit 50 generates switching signals 
5 for the bridge 26. In turn, the bridge 26 generates, for each phase, the aforementioned modulated control signal 
having an on-state and an off-state. 

As shown in the flow chart of FIG. 5, the Hall-effect sensors, as previously mentioned, send TAC signals 
back to the controller (block 50) and, more specifically, TAC signals are accumulated as they occur every 62.5 
ms in a TAC timer (block 52). The resulting count from the TAC counter is processed into a tachometer signal 
10 which is processed by the controller and fed back to the processor 16 over line 22, and is indicative of the actual 
speed of the motor. 

in accordance with another feature of this invention, a watchdog counter (block 54 in FIG. 5) has a pre- 
set count of, for example, 500 ms. Upon receipt of the TAC timer interrupt, the watchdog counter counts down. 
If, as determined in block 56, the 500 ms has elapsed, then the entire system is shut down (block 58). If, how- 

15 ever, the watchdog time has not elapsed, then the command data from the processor 1 6 is sent to the controller 
over line 20 as denoted in block 60. 

FIG. 6 is a schematic block diagram showing a setup of a typical modern surgical procedure, e.g. of an 
arthroscopy or laparoscopy. A joint or another area of the patient being operated on is shown at 62. Af irst curet 
64 is introduced into the area and is attached to a source of saline solution, i.e. a pump 66 which maintains a 

20 positive pressure in the joint, e.g. at 0 to 150 mm Hg gauge. A video camera and light source 68 are also con- 
nected to the curet 64 for viewing the area and display on a TV. monitor (not shown). A second canula 70 with 
a surgical instrument at its end is also introduced into the area 62. The instrument here is a shaver with a motor 
drive 74. The saline, blood and debris from the cutting are removed from the area through a hollow in the canula 
70 and then through hose 74 which passes between a pinch valve 76 located on the pump housing 66 and 

25 which may help regulate flow from the area, and then to a waste collector 78 and to a vacuum 80 which typically 
maintain a pressure of 150 to 760 mm Hg absolute. Between the canula 70 and hose 74 is a tool 76 which 
supports the camera, the instrument therein and controls for the flow and application of vacuum. 

It is important in such procedures that the pressure in the area 62 is constant. This is particularly difficult 
to maintain in the area of a joint where the mechanical dimensions of the joint are constantly changing, leaking 

30 and is an unstable, unsealed area. As the surgeon operates the surgical tool, opening and closing the connec- 
tion to the vacuum and removing bits of tissue with bits of fluid flows, there is a constant variable, and quickly 
variable vacuum. It is essential for good surgical procedures that the pressure in the surgical area be constant. 
Particularly important is that the pressure never become too large, as this would injure the patient. Constant 
pressure is directly related to accurate control over the velocity of the saline flowing into the area 62. Smalt 

35 changes of pump speed yield very large changes in pressure. It has been found that with the control system 
of the present invention, a constant pressure to very tight tolerances can be made. This is particularly achieved 
with a pulse driven motor in the pump, whose duty cycle can be varied, and whose frequency of revolution 
can also be varied from a fraction of an RPM to, for example, 5000 RPM. Typical flow rates into a surgical 
area are from 0.0 to 2.5 liters per minute. 

40 FIG. 7 is a schematic perspective, partially cut away, exploded view of part of a surgical router, which would 

appear atthe end of the canula 70. Atube 82 closed at its distal end 84 has an opening which describes typically 
a cut-out section 86. The router 88 also a hollow tube, has a cutting surface with sharp edges at its distal end 
region 90. The router is motor driven and rotates inside the tube 82. The vacuum is drawing and fluids and 
debris are removed through the central hollow. 

45 The router is typically driven at a constant speed, and rotates in one direction, driven by a motor within 

the shaver 72. It is desirable to control accurately the torque applied to the router, because if the torque is too 
large, e.g. due for example to a piece of bone or metal or other fragment getting caught in the spinning tube 
88, the router itself or the tube 82, or the canula 70 may shatter with the result of spraying debris into the pa- 
tient's joint. The debris, then, must be removed which is not an easy task. Also, there is an attendant trauma 

50 in the region. The control system of the present invention provides such a torque control. The system of the 
present invention applies a voltage or electrical drive energy, e.g., typically a series of pulses with a particular 
duty cycle. A digital tachometer measures the actual speed of the motor, and there is a table look-up which 
compares the speed with the output of the wave form for driving the router. When something gets stuck inside 
the curet or router the motor will normally need more power, and will thus will call for increased duty cycle in 

55 the form of more voltage or more current. The table look-up compares the duty cycle, or current, or voltage 
with the speed of the motor, and if the speed (it being noted that the motor and the curet are linked together), 
if the speed is too slow for the applied power, then the controller will drop the duty cycle, or will drop the voltage 
or current, and this will cut down on the torque, and thus will avoid possible fracture of the router or the tube 
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82. The surgeon may then observe through the camera 68 what is the condition at the end of the canula, e.g. 
if something is stuck, and increase the flow of saline or manipulate the tool to remove the clogging; and if need 
be, to change the tool. 

FIG. 8 is a cross-sectional view through the canula of FIG. 7 but with the router inserted therein. The router 

5 82 with its cutting edge 90 in the present invention may be driven to rotate one way, and then another, i.e. to 
oscillate, e.g. to rotate precisely 360° clockwise, and then 360° counter-clockwise, and repeat. Typical cycle 
time for a rotation is 0.5 seconds or 120 oscillations per minute. Surgeons have long sought such a tool, as it 
is believed that it would improve cutting. As the router body 88 rotates one way and then the other, tissue that 
moves into the opening 90 is cut, and is then removed by a vacuum, and flushing of a saline solution through 

10 the aperture 92, which feeds ultimately to the hose 74; 

It is understood that the oscillatory is not limited to routers, but may be used for drills, circular rasps, rotating 
scalpels, and a full range of motor driven and controlled tools. 

FIG. 9 is a schematic side view of a surgical reciprocating rasp. The rasp 94 moves back and forth in a 
linear direction as shown by the arrows 96. It is connected at one end to a motor drive, which is a reciprocating 

15 motor or solenoid. The reciprocating motor would have a single Hall-effect sensor, which gives an indication 
of position. The control of the reciprocating rasp in the invention is done completely by the electrical system, 
and there are no springs connected to the rasp, and no mechanical resonance devices connected to the rasp. 
All of the force to move it to and fro is from the electrical control signal. The precise control for the reciprocating 
motion is achieved by having the control of the invention, provide a series of step control pulses, which force 

20 the linear solenoid motor output backward and forward. Each cycle may have a series of smaller pulses of uni- 
form or different widths, as experimentation will indicate, to move the rasp firmly and accurately backward and 
forward. The tachometer feed back is then fed and a table look-up and the control can adjust for additional 
force to be applied, depending upon what is being cut or shaved by the tool. The wider the pulse, and the closer 
the pulses in each cycle are to each other, the more force that is applied. It is expected that to provide a smooth 

25 operation and to avoid possible vibration of the canula, the pulses close to the end and at the beginning of 
each cycle may be narrower than the pulses at the center of each cycle. In other words, the force of cutting 
can be controlled by the duty cycle, which would be adjustable throughout the surgical procedure, and as called 
for by measurement of the tachometer, and the output of the pulses. Again, it is emphasized that the control 
of the rasp is purely electrical without springs, without mechanical resonances, or other mechanical means. 

30 Atypical motion of a reciprocating rasp is about 1/4 of an inch or about 250 thousandths, and with a cycle 

time of 1 second. 

In another embodiment of the invention, the system provides two signals to the motor or solenoid. One, 
being a low frequency signal, e.g. with cycle time of one second, and the other being a high frequency signal 
of, e.g., with a cycle time of one millisecond. The low frequency signal is described as above, and the high 

35 frequency signal is substantially similar but more rapid. The compound signals give a compound motion to the 
reciprocating rasp, i.e. a dithering motion at high frequency with a short length, for example, in the range of 
20 to 40 thousandths superimposed upon the slower stroke of approximately 250 thousandths. For certain sur- 
gical applications, this should prove advantageous. The control for both the high frequency and low frequency 
signal and the drive for them, would be a system as set forth herein. 

40 It should be appreciated that the present invention is a control system for an electrical output, which drives 

for example, an electrical stepper or brushless motor with a rotating or reciprocating output. It provides precise 
control of both the force or torque, which the motor will produce, and also the velocity or speed at which the 
motor rotates or reciprocates. This is achieved due to the nature of the electrical output signal, and the table 
look-up in the controller, which table look-up can be adjusted easily and electronically, e.g. from a computer 

45 terminal for the various applications which the motor will be used, and the loads and degree of accuracy placed 
upon those motors. 

It will be understood that each of the elements described above, or two or more together, also may find a 
useful application in other types of constructions differing from the types described above. 

While the invention has been illustrated and described as embodied in an all-digital speed control system 
50 for brushless three-phase DC motor, it is not intended to be limited to the details shown, since various modi- 
fications and structural changes may be made without departing in any way from the spirit of the present in- 
vention. 

55 
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PWMV21 Serial Brushless Motor Driver for the 8051 


3 
4 




KMC 10/12/91 




5 
6 




REV 1 01/23/92 KWK Acid watchdog time out with shut down 


7 


* 




SPECIFICATIONS 


8 


;BRUSHLESS ROTOR 




9 




Phases / winding type: 


30 / Y 


10 




Number of poles: 


8 


11 


» 


Sensor sequence: 


3 sensors a 120 # electrical 


12 








13 




»wm OUTPUT 




14 




Carrier frequency: 


3.90625 kHz 


15 




Minimum PUM: 


5.5 X 


16 




Maximum PWM: 


94.5 X 


17 




PWM resolution: 


1 usee (.390625 X) 


18 




PUM jitter: 


2 jisec max 


19 




Commutation phase error: 


4 electrical degrees max 


20 









20 



21 ; TACHOMETER OUTPUT 

25 22 ; Format: Integral RPM / 40 

23 ; Range: 0 - 10,200 rpm 

24 ; Resolution: 40 rpm 

25 ; Rate: 62.5 msec 

27 ; SERIAL I/O LINK 

28 ; Communication protocol: Mode 2, multiprocessor communication, 

29 ; asynchronous, bi-directional 3 byte 

30 ; packet 

31 ; Baud rate: 375 kbaud 

32 ; Packet format: sync_byte, data byte, data_byte 

33 ; Input: PWM command byte (14 - 242) 

34 ; Output: Tachometer byte CO - 255) 

35 ; Watchdog: .5 second command refresh window else 

36 ; shutdown. Hardware reset required. 



37 ; - 

38 ;8051 REGISTER USEAGE 

39 ; r7: Hall pattern input buffer 

40 ; r6: Tac count 

41 ; r5: PWM command 

42 ; r4: Receive character counter 

43 ; r3: Transmit character counter 

44 ; r2: Receive character buffer 
45 45 rl: Watchdog counter 

46 ; - 

47 PROGRAM AREA 
48 

49 defseg PWM, absolute 

50 seg PWM 

50 0000 20 97# 67' 51 jb pi. 7, start ; Brushless motor driver 

0003 212B 52 ajmp stepper ; Stepper motor driver 

S3 ; 
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10 



15 



20 



25 



30 



35 



40 



45 



50 





54 


; PUN output to pi -3 on timer 0 


interrupt 




55 








sOOOB 


56 


org 


08h 


; Timer 0 interrupt location 


OODB B2 93 


57 


cpl 


pi. 3 


; Toggle pwo bit 


OOQO 20 93* 03* 


58 


J' b 


p1 .3, negate 




0010 80 8C 


59 


nov 


th0,r5 


; Reload pwm when pi .3 « 0 


0012 32 


60 


reti 






0013 63 8C a FF 


61 


negate xrl 


thO,#OFFh 




0016 OS 8C 


62 


inc 


thO 


; 2*s compliment 


0018 32 


63 
64 


reti 

» 








65 


; Timer 1 interrupt location 






66 


; 






=0018 


67 


org 


iBh 




001B 20 97# 38* 


68 


jb 


pi. 7, tac_out 


; Brush l ess routine 


001E 21 2B 


69 
70 


ajmp 


step_timer 


; Stepper routine 




71 


; Serial port 


interrupt location 






72 








=0023 


73 


org 


23h 




0023 20 97# 02' 


74 


jb 


p1 . 7, pwmcmd 


• Brushless SIO routine 


0026 212B 


75 
76 


ajmp 


step_com 


• Stepper serial routine 




77 


; Receive PWM 


command 






78 








0028 10 99* 23' 


79 


pwm__cmd j be 


ti,talk 


Go to transmit interrupt routine 


002B C2 98 


80 


ctr 


ri 


Clear interrupt indicator 


002D 30 9D# OA' 


81 


jnb 


sm2, receive ; 


Data byte receive 


0030 AA 99 


82 


mov 


r2.sbuf ; 


Get character from receive buffer 


0032 BA FF 04' 


83 


cjne 


r2,#0FFh, nosync ; 


Return if not sync byte 


0035 7C 02 


84 


mov 


r4,#2 


Set incoming character counter 


0037 C2 90 


85 


clr 


sm2 


Prepare to receive data bytes 


0039 32 


86 


nosync reti 






003A DC OF* 


87 


receive djnz 


r4,char1 ; 


Go to first character processor 


003C CO EO 


88 


push 


acc 


Second character processor 


003E E5 99 


89 


mov 


a,sbuf ; 


Get second character 


0040 B5 02 03* 


90 


cjne 


a, 2, err ; 


Error if different from first character 


0043 FD 


91 


mov 


r5,a 


Hake command data available to PUM routine 


0044 79 08 


92 


mov 


n,#a 


Reset watchdog counter 


0046 00 EO 


93 


err pop 


acc 




0048 02 90 


94 


setb 


sm2 


Restore communicat ion mode 


004A 32 


95 


reti 






0048 AA 99 


96 


char! mov 


r2 f sbuf 


Snatch first character 


0040 32 


97 
98 


reti 








99 


; Tachometer data out on transmit 


interrupt 




100 








004E 08 03* 


101 


talk djnz 


r 3, not done 


Send 2 tac data bytes 


0050 7E 00 


102 


mov 


r6,#0 


Reset tac 


0052 32 


103 


reti 






0053 8E 99 


104 


rtotdone mov 


sbuf,r6 


Output tac data byte 


0055 32 


105 


reti 







106 
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107 


; Initiate tachometer output 


to serial port on timer 1 interrupt 




108 


» 






0056 75 BB" E1 


109 


tac_out mov 


tl1,#0E1h 


; Set for 62.5 msec <5jisec access) 


0059 75 80" OB 


110 


mov 


th1,*0Bh 




005C 09 06* 


111 


djnz 


rl ,cont 


; Watchdog count down 


005E C2 AF 


112 


clr 


ea 


; Turn off a LI interrupts 


0060 02 93 


113 


setb 


p1.3 


; Turn off n channel fets 


0062 80 FE* 


114 


sjmp 


S 


; Lock up 


0064 75 99" FF 


115 


cant mov 


sbuf,#0FFh 


; Send sync to initiate tac output 


0067 7B 03 


116 


mov 


r3,#3 


; Set transmit character counter 


0069 32 


117 
118 


tac_end reti 








119 


; Initial ire 8051 






120 


; 






006A 20 96# 05 1 


121 


start jb 


p1.6 f st1 


; cw = p1.6 hi 


0060 90 OOAE' 


122 


mov 


dptr,#ccw-1 


; ecu = pi .6 lo 


0070 80 03* 


123 


sjmp 


st2 




0072 90 00A8' 


124 


stl mov 


dptr,#cw- 1 


; Commutation translation table base address 


0075 7F 00 


125 


st2 mov 


r7,tf> 


; Force pass through main loop to start 


0077 7E 00 


126 


mov 


r6,#0 


; Reset tac count 


0079 70 OE 


127 


mov 


r5.#0Eh 


; Minimum PUN 


007B 79 08 


128 


mov 


r1,#8 


; Initialize watchdog 


007D 75 89" 12 


129 


mov 


tmod,#12h 


; Set timer 0 for mode 2 & timer 1 for mode 1 


0080 80 8A 


130 


mov 


tl0,r5 


; Set timer 0 for minimum PUM 


0082 75 8C« F2 


131 


mov 


th0,#0F2h 




0085 02 89 


132 


setb 


pto 


; Set timer 0 priority 


0087 75 88 " E1 


133 


mov 


tl1,#0E1h 


; Set timer 1 for 62.5 msec (5(tsec access) 


008A 75 80" 08 


134 


mov 


th1,#0Bh 




0080 43 87" 80 


135 


orl 


pcon,#80h 


; Double baud rate 


0090 75 98" B8 


136 


mov 


scon,#0B8h 


; Serial mode 2, 375 kbaud, multiprocessor 


0093 75 A8 M 9A 


137 


mov 


ie.#9Ah 


; Enable appropriate interrupts 


0096 75 88" 50 


138 
139 


mov 


tcon, #50h 


; Turn timers on 




140 


; Main control 


loop 






141 








0099 E5 90 


142 


main mov 


a, pi 


; Main commutation / tachometer Loop 


009B 54 07 


143 


an I 


a, #7 




009D 85 07 02 » 


144 


c jne 
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Claims 

1. An all-digital control system for a motor having an armature, comprising: 

(a) a main digital signal processor for supplying a digital input command signal indicative of a desired 
motor operation; 

(b) a drive controller in digital communication with the main processor, for generating, for each phase 
of the motor, and in response to the command signal, a digital commutation signal to move the armature, 
and a digital pulse width modulated signal having a duty cycle established by the input command signal; 

(c) switching means in digital communication with the controller, for generating, for each phase, and 
in response to each commutation signal and each pulse width modulated signal, a digital two-state con- 
trol signal having an on-state which lasts for said duty cycle; 

(d) means in digital communication with the controller, for generating, for each phase, a digital tach- 
ometer signal indicative of armature position; 

(e) said controller being further operative for processing the tachometer signal, to generate a digital 
output signal indicative of the actual armature speed or position, and for communicating the digital out- 
put signal to the main processor, said controller including a look-up table having bit patterns, each cor- 
responding to a different armature position. 

2. The system according to claim 1 , wherein the main processor and the drive controller are interconnected 
by, and digitally communicate through, a parallel bus or serial optical fibers. 

3. The system according to claim 1 , further comprising a second look-up table for modulating said pulse width 
modulated signal. 

4. The system according to claim 1, wherein the pulse width modulated signal has two states, and wherein 
the controller includes timer means having a timer output signal whose duration is established by the state 
of the pulse width modulated signal. 

5. The system according to claim 1 , wherein the controller includes watchdog timer means having a prede- 
termined watchdog time, and wherein the controller includes shutdown means for ceasing generation of 
the commutation signals upon elapse of said watchdog time without receipt of the input command signal. 

6. An all-digital speed control system for a motor having an armature, comprising: 

(a) a main digital signal processor for supplying a digital input speed signal indicative of a desired ar- 
mature speed; 

(b) a drive controller in direct digital communication with the main processor, for generating, for each 
phase, and in response to the input speed signal, a digital commutation signal to move the armature, 
and a digital pulse width modulated signal having a duty cycle established by the input speed signal; 

(c) switching means in digital communication with the controller, for generating, for each phase, and 
in response to each commutation signal and each pulse width modulated signal, a digital two-state 
speed control signal having an on-state which lasts for said duty cycle; 

(d) means in direct digital communication with the controller, for generating, for each phase, a digital 
tachometer signal indicative of armature position; 

(e) said controller being further operative for processing the tachometer signal, to generate a digital 
output speed signal indicative of the actual armature speed, and for directly digitally communicating 
the output speed signal to the main processor, said controller including a look-up table having commu- 
tation bit patterns, each corresponding to a different armature position. 

7. The system according to claim 6, wherein the duty cycle of the pulse width modulated signal lies in an 
approximate range between 5% and 95%. 

8. The system according to claim 6, wherein the pulse width modulated signal is carried on a signal carrier 
having a frequency of approximately 3.9 kHz. 

9. The system according to claim 6, wherein the pulse width modulated signal has two states, and wherein 
the controller includes timer means having a timer output signal whose duration is established by the state 
of the pulse width modulated signal. 
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10. The system according to claim 6, wherein the controller includes watchdog timer means having a prede- 
termined watchdog time, and wherein the controller includes shutdown means for ceasing generation of 
the commutation signals upon elapse of said watchdog time without receipt of the input speed signal. 

11. The system according to claim 2, wherein said second-pulse width modulated signal is superimposed on 
said first pulse width modulated signal to provide a compound motion of said motor. 

12. The system according to claim 1 1 further comprising a surgical instrument connection to said motor output 
whereby said compound motion is being conveyed to a surgical instrument 

13. The system according to claim 12 where said motor is a linear motor having fore and aft motion. 

14. The system according to claim 13 wherein said instrument is a reciprocating rasp with said first signal 
driving said rasp with a stroke with about 250 thousandths, and said second signal devising said rasp with 
a stroke length of about 20 to 40 thousandths. 

15. The system according to claim 13 wherein the force in each motion of said instrument is exclusively con- 
trolled by the duty cycle of each of said pulses. 

16. The system according to claim 1, wherein the command signal is for oscillations of a rotary motor, and 
20 said motor further comprising an output for connection to a surgical instrument, and to which instrument 

the system inputs said oscillatory motion. 

17. The system according to claim 16, wherein said surgical instrument is an oscillatory shaver. 

25 18. The system according to claim 17, wherein said shaver oscillates 360° in each direction at a rate of ap- 
proximately 120 rpm. 

19. The system according to claim 1, wherein said motor is a rotary motor and comprises an output for con- 
nection to a surgical instrument, and said system further comprising an electric control for limiting torque 
applied to said output, with said torque limiter regulating the duty cycle of said pulse width modulating 
signal, whereby excessive torque is not applied to said instrument 

20. The system according to claim 19, wherein said torque limiter compares motor speed as generated from 
said digital output signal from said tachometer signal with the corresponding duty cycle of the control sig- 
nal which comparison is proportional to torque. 

35 



30 



40 



45 



50 



55 



10 



EP 0 649 217 A1 




<0 



5 



8 



nrr 



TTJ 





II 






- 





CM 



—J 

Co 

I 



11 



EP 0 649 217 A1 



FIG. 2 A. 76 

MAIN PROCESSOR 



FIBRE OPTIC 
SERIAL 
COMMUNICATION 

VC o C J 



35 



21 



U10 



X1 

| | 12 MHZ 
-j 20 



3 
2 



J. C2V 

~T 52-101 

^20 

1 v 



10 



1 



HF BR 25 31 



DUPLEX 
PAIR 



HF BR 1531 



VCC 



L_ 



A- 



U9 



U 



15 
76 



17 



6_ 
7 



8_ 
9 



EA 


V 

C 

r 
C 


POO 
P0 1 


XI 




PO-2 
PO-3 
P0-t> 


X2 




POS 
PO-6 
PO-7 


RST 




P2-0 
P2-1 


INTO 




P2 2 


INT1 




P2-3 


TO 




P24 


T1 




P2-5 
P2-6 


P1-0 




P2-7 


P11 






P1-2 




RD 


P1-3 




WR 


P1U 




PSEN 


P15 




ALE/ 


P1-6 


G 
N 

D 


TXD 


P1-7 


RXD 



U21 
43 

AI 
J*1_ 

UP 

39 

38 

37 

36 

II 
25 
26 

II 
28 

29 

30 

21 

19 

11 
32_ 

j| 

13 



11 



87C51-PLCC 



20 



<7 22 



12 



EP0 649 217 A1 



A 

FI0.2B. 



18 



r 



U20 



r 



R86 

wv 

120 
VCC 



-<7 



INA 




INB 


INC 


CA 


IND 
CB 



22 



1 



75*5/ 



'4 



C22 30PF 
II 



X 



21 



X2 



C23 30PF □ 12 MHZ 



2(7 



10 



24 



14 { 
75 

17 



CONTROLLER 



B- LL 



6_ 
7_ 
8 



1 



f/1 


V 
r 

L 

C 


PO-0 




P01 


XI 




P0-2 
PO-3 
PO-4 


X2 




PO-S 
PO-6 
PO-7 


RST 




P2-0 
P2-1 


INTO 




P22 


INT1 




P2 3 


TO 




P2 4 


T1 




P2-S 
P2-6 


P1-0 




P2-7 


P1-1 






P1-2 




RO 


P1-3 




WR 


P14 




PSEN 


PIS 




ALE/ 


PI 6 


G 


TXD 


P1-7 


N 

D 


RXD 



43 
42 
41 
40 
39 
38 
37 
36 

24 



25 



26 



27 



28 



29 



30 
JH 

11 

11 
32 

T? 

13 



11 



2 87C51-PLCC 



u 



13 



EP0 649 217 A1 



B 



FI0.2C. 



I 



fl-rr 




PWM DRIVE 
50 L0C,C I 

K — 1 



14 



EP 0 649 217 A1 



FIG. 2D 




15 



EP 0 649 217 A1 



D 



10 



8 



1 



26 



FIG 2E. 



1 

2 



U12 



V 
+ 
A 

CPFT 
BP FT 
APFT 

CNFT 
BNFT 
ANFT 



V 
+ 
B 



COUT 



BOUT 



AOUT 




G 
N 
D 



T 



30 BRIDGE 



TO MOTOR 

J3 



1 COUT 



BOUT 



AOUT 



TACHC 



MPM3003 



RET 



TACHB 



TACHA 



<7 



1 
2 
3 
4 
5 
6 
7 

a 



R32 
U5-010 



VCC 



D 



J 



16 



EP 0 649 217 A1 



FIG.3. 

( COMMUTATE Y ~ 28 

\ /30 

READ HALL 
EFFECT DEVICES 




32 

NO ^ HAS 

STATE CHANCED 

7 



SAVE NEW STATE 



I 



OUTPUT NEXT 
COMMUTATION 
BIT PATTERN 



3 > 



INCREMENT 
TAC COUNT , 



38 



17 



EP 0 649 217 A1 




18 



EP 0 649 217 A1 



FIG. 5. 



c 



TAC 



~y-5o 



52 



RELOAD TIMER 
FOR 62 5 msec 

I 

WATCH DOG 
COUNTDOWN 



54 



56 

WATCH DOG^<?ES 

TI ME UP 
? 



58 



DISABLE ALL 
INTERRUPTS 



NO 



60 



HALT 



J 



INITIATE SERIAL 
OUTPUT 



1 



RETURN FROM 
INTERRUPT 



) 



19 



EP0 649 217 A1 



FIG. 6. 




20 



EP0 649 217 A1 




FIG. 9. 
2h . 




21 



EP 0 649 217 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 94 30 7397 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to daim 


CLASSIFICATION OF THE 
APPLICATION (Int-CL*) 


X 

Y 


EP-A-0 148 269 (FANUC LTD) 17 July 1985 
* page 8, line 3 - page 15, line 3 * 


1,2,4, 
6-9 

C 1ft 

5, 10, 

16-19 


H02P6/08 

A61B17/32 

H02H7/093 


A 


PATENT ABSTRACTS OF JAPAN 

vol. 10, no. 298 (P-505) 9 October 1986 

& JP-A-61 114 304 (FUJITSU LTD) 2 December 

1986 

* abstract * 


1,2,6 




A 


ELECTRONIC ENGINEERING, 

vol.58, no. 719, November 1986, LONDON GB 

pages 51-59 

PHIL DAVIES ET AL. 'Three phase control 
and drive IC for brushless motors' 
* page 56, column 1 - column 2 * 


1,6 




A 


MACHINE DESIGN, 

vol.60, no. 13, 9 June 1988, CLEVELAND US 

pages 140 - 144, XP000100657 

ROBERT BENZER 'Single-chip brushl ess-motor 

controller' 

* the whole document * 

H«_A-«; 017 ftdfi f GENERAL ELECTRIC COMPANY) 
21 May 1991 

* column 5, line 48 - line 55 * 


1,6 








TECHNICAL FIELDS 
SEARCHED (Int. CI. 6) 


V 
T 


5,10 


H02P 

A61B 
H02H 


Y 


US-A-4 867 155 (ISAACSON) 19 September 
1989 

* claim 1 * 


16-18 




Y 
A 


GB-A-2 156 172 (WESTINGH0USE ELECTRIC 
CORPORATION) 2 October 1985 
* claim 1 * 

-/— 


19 
15 




The present scared report has been drawn np for all claims 







Plac*»f» 

THE HAGUE 



D.I of craqplrikm of tke 

23 January 



1995 



Bourbon, R 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken a] one 

Y : particularly relevant if combined with another 

document of the sane category 
A : technological background 
O : non- written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, bat published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



A : member of the same patent family, corresponding 



22 



EP 0 649 217 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Nil 



EP 94 30 7397 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with uxficatioo. where appropriate, 
of relevant passages 



to< 



CLASSIFICATION OF THE 
APPLICATION <Int.Ct.fi) 



DE-A-27 57 132 (MASCHINENFABRIK MEYER & 
BURGER AG) 29 June 1978 

* claims 5,11 * 

INDUSTRY APPLICATIONS SOCIETY . 
IEEE-IAS-195 ANNUAL MEETING. , November 
1985, TORONTO, CANADA 
pages 536 - 541 
D.A. TOPMILLER ET AL. 'A 
microprocessor-based controller for 
oscillatory mode drive of a tubular 
brushless DC motor' 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 13, no. 295 (E-783) 7 July 1989 

& JP-A-01 074 089 (HITACHI LTD) 20 March 

1989 

* abstract * 



11,13,14 



13 



20 



The present scare!) report has been drawn np for ail 



TECHNICAL FIELDS 
SEARCHED <Int.CL6) 



Place oft 

THE HAGUE 



Date of caarspletioa of lac t* arc it 

23 January 1995 



Bourbon, R 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken atone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non- written disclosure 
P : intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document dted for other reasons 

A : member of the same patent family, corresponding 
document 



23 



ii mi mi im isms I 

(11) EP 0 649 217 B1 

(12) EUROPEAN PATENT SPECIFICATION 

(45) Date of publication and mention (51) int CI. 6 : H02P 6/08, A61B 17/32, 

of the grant of the patent: H02H 7/093 

08.09.1999 Bulletin 1999/36 

(21) Application number: 94307397.3 

(22) Date of filing: 10.10.1994 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(54) Brushless motor 

Burstenloser Motor 
Moteur sans balai 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IE IT LI LU MC NL 
PT SE 

(30) Priority: 12.10.1993 US 135297 

(43) Date of publication of application: 
19.04.1995 Bulletin 1995/16 

(73) Proprietor: SMITH & NEPHEW, INC. 
Memphis, Tennessee 38116 (US) 

(72) Inventor: Krause, Kenneth W. 

Sandown, New Hampshire 03873 (US) 

(74) Representative: Regan, Heather et al 
Harrison Goddard Foote 
Belmont House 

20 Wood Lane 
Leeds LS6 2AE (GB) 



m 

CM 
O) 

CD 

O 

0L 
LU 



(56) References cited: 
EP-A- 0 148 269 
DE-A-2 757 132 
US-A-4 867 155 



EP-A- 0 566 297 
GB-A-2 156 172 
US-A-5 017 846 



PATENT ABSTRACTS OF JAPAN vol. 1 0, no. 298 
(P-505) 9 October 1986 & JP-A-61 1 14 304 
(FUJITSU LTD) 2 December 1986 
ELECTRONIC ENGINEERING, vol.58, no.719, 
November 1986, LONDON GB pages 51 - 59 PHIL 
DAVIES ET AL. Three phase control and drive 
IC for brushless motors' 

MACHINE DESIGN, vol.60, no.13, 9 June 1988, 
CLEVELAND US pages 140 - 144, XP0001 00657 
ROBERT BENZER Single-chip brushless-motor 
controller' 

INDUSTRY APPLICATIONS SOCIETY . 
IEEE-IAS-195 ANNUAL MEETING., November 
1985, TORONTO, CANADA pages 536 - 541 D. A. 
TOPMILLER ET AL. 'A microprocessor-based 
controller for oscillatory mode drive of a tubular 
brushless DC motor' 

PATENT ABSTRACTS OF JAPAN vol. 1 3, no. 295 
(E-783) 7 July 1989 & JP-A-01 074 089 (HITACHI 
LTD) 20 March 1989 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been fiied until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP0 649 217 B1 



2 



Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] This invention generally relates to an all-digital 
motor control system and, more particularly, to a system 
for controlling the speed or armature position of a motor. 

2. Description of Related Art 

[0002] Speed control systems for controlling the 
speed of motors are generally known. However, such 
systems rely, at least in part, on analog signals and an 
analog-to-digital converter to convert the analog signals 
to digital signals for subsequent processing by digital 
signal processors. This adds hardware complexity and 
rigidity to the overall system. Also, the reliance on ana- 
log signals, at least in part, introduces an element of in- 
accuracy in motor speed control. 

[0003] It is a general object of this invention to ad- 
vance the state of the art of control for motors. 
[0004] It is another object of this invention to reduce 
the hardware requirement and system rigidity in such 
control systems. 

[0005] Another object of this invention is to provide all 
digital motor control systems, and with the attendant ad- 
vantage of accuracy and speed of response. 
[0006] Another subject of the invention is to provide a 
motor control system which has particular application in 
surgical procedures. 

[0007] Another is to provide a system which accurate- 
ly controls surgical pumps, and motor driven surgical 
tools. 

[0008] In our earlier European patent application EP- 
A-566297, we disclose an all-digital brushless motor 
control system wherein the controller includes a single 
look-up table having bit patterns wherein each pattern 
corresponds to a different armature position. 
[0009] In accordance with the present invention, there 
is provided an all-digital control system for a motor hav- 
ing an armature, comprising: 

(a) a main digital signal processor for supplying a 
digital input command signal indicative of a desired 
motor operation; 

(b) a drive controller in digital communication with 
the main processor, for generating, for each phase 
of the motor, and in response to the command sig- 
nal, a digital commutation signal to move the arma- 
ture, and a digital pulse width modulated signal hav- 
ing a duty cycle established by the input command 
signal; 

(c) switching means in digital communication with 
the controller, for generating, for each phase, and 
in response to each commutation signal and each 
pulse width modulated signal, a digital two-state 



control signal having an on-state which lasts for said 
duty cycle; 

(d) means in digital communication with the control- 
ler, for generating, for each phase, a digital tachom- 
eter signal indicative of armature position; 

(e) said controller being further operative for 
processing the tachometer signal, to generate a 
digital output signal indicative of the actual armature 
speed or position, and for communicating the digital 
output signal to the main processor, wherein con- 
troller includes a first look-up table having bit pat- 
terns corresponding to different armature positions 
and second look-up table for modulating said pulse 
width modulated signal. 

[0010] In keeping with these objects, and others 
which will become apparent hereinafter, one feature of 
this invention resides, briefly stated, in an all-digital con- 
trol system for a motor having an armature. The system 
comprises a main digital signal processor for supplying 
a digital command signal indicative of a desired motor 
operation. A drive controller in direct digital communica- 
tion with the main processor generates, for each phase, 
and in response to the command signal, a digital com- 
mutation signal to move the armature with a digital pulse 
width modulated signal having a duty cycle established 
by the input command signal. 

[0011] The system further comprises switching 
means, e.g. a multi-phase bridge, in digital communica- 
tion with the controller. The bridge is operative for gen- 
erating, for each phase, and in response to each com- 
mutation signal and each pulse width modulated signal, 
a digital two-state control signal having an on -state 
which lasts for the duty cycle. 

[0012] The system still further comprises means in 
digital communication with the controller, for generating, 
for each phase a digital tachometer signal indicative of 
armature position. The controller is further operative for 
processing the tachometer signal to generate a digital 
output signal indicative of the actual armature speed or 
position. The controller directly digitally communicates 
the output signal to the main processor. 
[0013] In a preferred embodiment, the main proces- 
sor and the drive controller are interconnected by, and 
digitally communicate through, a plurality of optical fib- 
ers. No analog signals and, or course, no analog-to-dig- 
ital converters, are used anywhere in the speed control 
systems, thereby simplifying the hardware requirement 
for such system, and also eliminating any inaccuracies 
due to the presence of analog signals. 
[0014] Another feature of this invention resides in 
shutting down the system upon the elapse of a prede- 
termined time during which no input signal is received 
by the controller. 

[0015] The control system has particular applications 
for surgical equipment, e.g. for accurately controlling 
pumps used to maintain pressure of saline solution in- 
side a body cavity during an operation, and for motor 
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driven surgical drills, saws, rasps, scalpels, scissors; 
and for limiting torque on the motor driven surgical in* 
struments to avoid breakage and shattering of the in- 
struments especially when inside a patient. 
[0016] The novel features which are considered as 
characteristic of the invention are set forth in particular 
in the appended claims. The invention itself, however, 
both as to its construction and its method of operation, 
together with additional objects and advantages thereof, 
will be best understood from the following description of 
specific embodiments when read in connection with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

FIG. 1 is a general block diagram of the overall all- 
digital speed control system according to this inven- 
tion; 

FIG. 2 is a detailed electrical schematic of the sys- 
. tern of FIG. 1; 
FIG. 3 is a flow chart depicting part of the operation 
of the controller; 

FIG. 4 is a flow chart depicting another aspect of 

the operation of the controller; and 

FIG. 5 is a flow chart depicting still another aspect 

of the operation of the controller. 

FIG. 6 is a schematic block diagram of a surgical 

procedure, using the system of the invention. 

FIG. 7 is a perspective view of a surgical tool. 

FIG. 8 is a cross -sectional view through FIG. 7. 

FIG. 9 is a schematic side view of a rasp. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0018] The present invention is illustrated in terms of 
a control system for controlling the speed of a brush less 
three-phase, DC motor. Referring now to the drawings, 
FIG. 1 is a general block diagram, and FIG. 2 is a more 
detailed electrical schematic, of the overall all-digital 
motor speed control system of this invention. Reference 
numeral 10 identifies a brushless, three-phase, DC mo- 
tor having an armature 12. Preferably, the motor is ob- 
tained from BEI Kimco Magnetics Division of San Mar- 
cos, California, as its part No. DIH 23-20-BBNB. This 
motor has a plurality of conventional Hall -effect sensors 
14 mounted about the armature to sense armature po- 
sition. 

[001 9] The system includes a main digital signal proc- 
essor (CPU) 16, preferably constituted as integrated cir- 
cuit chip No. 87C51-PLCC. Main processor 16 is in di- 
rect digital communication with a drive controller 18, 
preferably also constituted as integrated circuit chip 
87C51-PLCC. Processor 16 supplies a digital input 
speed signal RX indicative of a desired armature speed 
to the controller 18 over line 20. The controller 18, as 



will be described in detail below, supplies a digital output 
speed signal TX indicative of the actual armature speed 
to the processor 1 6 over line 22. Controller 1 8 also com- 
municates with the processor 16 over a RESET line 24. 
s Lines 20, 22, 24 are high speed buses capable of trans- 
mitting data at 375 kbaud. Preferably, communication 
lines 20, 22 and 24 are optical fibers. However, the main 
processor and the controller may communicate means 
such as a parallel communication bus, a high speed se- 
10 rial hardwired interface or the like. 

[0020] Upon receipt of the input speed signal RX, con- 
troller 18 executes a software program as set forth on 
pages A-1 through A-3 of the attached Appendix. Con- 
troller 18 generates a set of six commutation signals, 
is two for each phase of the motor, together operative for 
rotating the armature. More specifically, the controller 
includes an interior look-up table having a listing of six 
commutation bit patterns, each pattern representing a 
discrete command for the armature at an angular posi- 
tion spaced 60 electrical degrees from the previous ar- 
mature position. The commutation signals are fed 
through, and processed in, a three-phase bridge circuit 
26, and optionally, through a bridge driver circuit (see 
FIG. 2), wherein three position control signals, one for 
each phase, ar output to the motor 10. The Hall-effect 
sensors 14 sense rotation of the armature and generate 
two-state Hall-effect signals which advise the controller 
18 when to generate the commutation signals. 
[0021] This latter aspect of the controller 18 is dis- 
played in the flow chart of FIG. 3. The generation of the 
commutation signals is indicated by block 28. The read- 
ing of the Hall-effect sensors is denoted by block 30. If 
the controller 18 recognizes that the state of the Hall- 
effect signals has changed (block 32), then the new 
state is saved (block 34) and the next commutation bit 
pattern is output to the motor (block 36). Thereafter, an 
internal counter operative for generating a tachometer 
(TAC) signal is incremented (block 38) prior to the next 
reading of the Hall-effect sensors. The tachometer sig- 
nal is eventually processed to generate the aforemen- 
tioned output speed signal TX. If the state of the Hall- 
effect sensors did not change in block 32, this indicates 
that the armature has not moved 60 electrical degrees 
and, hence the controller attempts to read the Hall-effect 
sensors again in block 30. 

[0022] Controller 18 also generates in response to 
command data from the processor 16, a digital pulse 
width modulated (PWM) signal having a duty cycle es- 
tablished by said command data. The PWM signal is 
carried on a carrier signal having a frequency which, in 
the preferred case, is 3.90625 kHz. Controller 18 has 
an internal software PWM timer which, in the preferred 
case, establishes a PWM cycle of 256 microseconds. 
The PWM cycle has a high and a low state. The PWM 
output is allowed to continue running during the high 
state, but is re-set to OFF in the low state. The command 
data controls how long the PWM timer runs; in the pre- 
ferred case, from 1 4 - 242 u.s. In this way, the duty cycle 
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of the PWM signal is controlled from 5.47% - 94.53%. 
[0023] This aspect of the controller operation is de- 
picted in FIG. 4. Block 40 represents the generation of 
the PWM signal. The controller toggles and generates 
a two-state PWM bit (block 42) and tests the state of the 
PWM bit in block 44. If the PWM bit has a low state, 
then, as depicted in block 46, the PWM timer is re-load- 
ed from a command byte supplied by type processor 1 6. 
If the PWM bit has a high state, then the PWM timer is 
re-loaded with the 2's complement of its existing value 
(block 48). 

[0024] As best shown in FIG. 1 , the PWM signal is fed 
to a drive logic unit 50 which, as shown in FIG. 2, com- 
prise three AND gates to which three of the commutation 
signals are conveyed. Unit 50 generates switching sig- 
nals for the bridge 26. In turn, the bridge 26 generates, 
for each phase, the aforementioned modulated control 
signal having an on -state and an off -state. 
[0025] As shown in the flow chart of FIG. 5, the Hall- 
effect sensors, as previously mentioned, send TAC sig- 
nals back to the controller (block 50) and, more specif- 
ically, TAC signals are accumulated as they occur every 
62.5 ms in a TAC timer (block 52). The resulting count 
from the TAC counter is processed into a tachometer 
signal which is processed by the controller and fed back 
to the processor 16 over line 22, and is indicative of the 
actual speed of the motor. 

[0026] A watchdog counter (block 54 in FIG. 5) has a 
pre-set count of, for example, 500 ms. Upon receipt of 
the TAC timer interrupt, the watchdog counter counts 
down. If, as determined in block 56, the 500 ms has 
elapsed, then the entire system is shut down (block 58). 
If, however, the watchdog time has not elapsed, then 
the command data from the processor 1 6 is sent to the 
controller over line 20 as denoted in block 60. 
[0027] FIG. 6 is a schematic block diagram showing 
a setup of a typical modern surgical procedure, e.g. of 
an arthroscopy or laparoscopy. A joint or another area 
of the patient being operated on is shown at 62. A first 
curet 64 is introduced into the area and is attached to a 
source of saline solution, i.e. a pump 66 which maintains 
a positive pressure in the joint, e.g. at 0 to 150 mm Hg 
gauge. A video camera and light source 68 are also con- 
nected to the curet 64 for viewing the area and display 
on a TV. monitor (not shown). A second can u la 70 with 
a surgical instrument at its end is also introduced into 
the area 62. The instrument here is a shaver with a mo- 
tor drive 74. The saline, blood and debris from the cut- 
ting are removed from the area through a hollow in the 
canula 70 and then through hose 74 which passes be- 
tween a pinch valve 76 located on the pump housing 66 
and which may help regulate flow from the area, and 
then to a waste collector 78 and to a vacuum 80 which 
typically maintain a pressure of 150 to 760 mm Hg ab- 
solute. Between the canula 70 and hose 74 is a tool 76 
which supports the camera, the instrument therein and 
controls for the flow and application of vacuum. 
[0028] It is important in such procedures that the pres- 



sure in the area 62 is constant. This is particularly diffi- 
cult to maintain in the area of a joint where the mechan- 
ical dimensions of the joint are constantly changing, 
leaking and is an unstable, unsealed area. As the sur- 

5 geon operates the surgical tool, opening and closing the 
connection to the vacuum and removing bits of tissue 
with bits of fluid flows, there is a constant variable, and 
quickly variable vacuum. It is essential for good surgical 
procedures that the pressure in the surgical area be con- 

io stant. Particularly important is that the pressure never 
become too large, as this would injure the patient. Con- 
stant pressure is directly related to accurate control over 
the velocity of the saline flowing into the area 62. Small 
changes of pump speed yield very large changes in 

is pressure. It has been found that with the control system 
of the present invention, a constant pressure to very 
tight tolerances can be made. This is particularly 
achieved with a pulse driven motor in the pump, whose 
duty cycle can be varied, and whose frequency of rev- 

20 olution can also be varied from a fraction of an RPM to, 
for example, 5000 RPM. Typical flow rates into a surgi- 
cal area are from 0.0 to 2.5 liters per minute. 
[0029] FIG. 7 is a schematic perspective, partially cut 
away, exploded view of part of a surgical router, which 

25 would appear at the end of the canula 70. A tube 82 
closed at its distal end 84 has an opening which de- 
scribes typically a cut-out section 86. The router 88 also 
a hollow tube, has a cutting surface with sharp edges at 
its distal end region 90. The router is motor driven and 

30 rotates inside the tube 82. The vacuum is drawing and 
fluids and debris are removed through the central hol- 
low. 

[0030] The router is typically driven at a constant 
speed, and rotates in one direction, driven by a motor 

35 within the shaver 72. It is desirable to control accurately 
the torque applied to the router, because if the torque is 
too large, e.g. due for example to a piece of bone or 
metal or other fragment getting caught in the spinning 
tube 88, the router itself or the tube 82, or the canula 70 

40 may shatter with the result of spraying debris into the 
. patient's joint. The debris, then, must be removed which 
is not an easy task. Also, there is an attendant trauma 
in the region. The control system of the present inven- 
tion provides such a torque control. The system of the 

45 present invention applies a voltage or electrical drive en- 
ergy, e.g., typically a series of pulses with a particular 
duty cycle. A digital tachometer measures the actual 
speed of the motor, and there is a table look-up which 
compares the speed with the output of the wave form 

50 for driving the router. When something gets stuck inside 
the curet or router the motor will normally need more 
power, and will thus will call for increased duty cycle in 
the form of more voltage or more current. The table look- 
up compares the duty cycle, or current, or voltage with 

55 the speed of the motor, and if the speed (it being noted 
that the motor and the curet are linked together), if the 
speed is too slow for the applied power, then the con- 
troller will drop the duty cycle, or will drop the voltage or 
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current, and this will cut down on the torque, and thus 
will avoid possible fracture of the router or the tube 82. 
The surgeon may then observe through the camera 68 
what is the condition at the end of the canula, e.g. if 
something is stuck, and increase the flow of saline or 
manipulate the tool to remove the clogging; and if need 
be, to change the tool. 

[0031] FIG. 8 is a cross-sectional view through the 
canula of FIG. 7 but with the router inserted therein. The 
router 82 with its cutting edge 90 may be driven to rotate 
one way, and then another, i.e. to oscillate, e.g. to rotate 
precisely 360° clockwise, and then 360° counter-clock- 
wise, and repeat. Typical cycle time for a rotation is 0.5 
seconds or 120 oscillations per minute. Surgeons have 
long sought such a tool, as it is believed that it would 
improve cutting. As the router body 88 rotates one way 
and then the other, tissue that moves into the opening 
90 is cut, and is then removed by a vacuum, and flushing 
of a saline solution through the aperture 92, which feeds 
ultimately to the hose 74. 

[0032] It is understood that the oscillatory is not limit- 
ed to routers, but may be used for drills, circular rasps, 
rotating scalpels, and a full range of motor driven and 
controlled tools. 

[0033] FIG. 9 is a schematic side view of a surgical 
reciprocating rasp. The rasp 94 moves back and forth 
in a linear direction as shown by the arrows 96. It is con- 
nected at one end to a motor drive, which is a recipro- 
cating motor or solenoid. The reciprocating motor would 
have a single Hall-effect sensor, which gives an indica- 
tion of position. The control of the reciprocating rasp in 
the invention is done completely by the electrical sys- 
tem, and there are no springs connected to the rasp, 
and no mechanical resonance devices connected to the 
rasp. All of the force to move it to and fro is from the 
electrical control signal. The precise control for the re- 
ciprocating motion is achieved by having the control of 
the invention, provide a series of step control pulses, 
which force the linear solenoid motor output backward 
and forward. Each cycle may have a series of smaller 
pulses of uniform or different widths, as experimentation 
will indicate, to move the rasp firmly and accurately 
backward and forward. The tachometer feed back is 
then fed and a table look-up and the control can adjust 
for additional force to be applied, depending upon what 
is being cut or shaved by the tool. The wider the pulse, 
and the closer the pulses in each cycle are to each other, 
the more force that is applied. It is expected that to pro- 
vide a smooth operation and to avoid possible vibration 
of the canula, the pulses close to the end and at the 
beginning of each cycle may be narrower than the puls- 
es at the center of each cycle. In other words, the force 
of cutting can be controlled by the duty cycle, which 
would be adjustable throughout the surgical procedure, 
and as called for by measurement of the tachometer, 
and the output of the pulses. Again, it is emphasized 
that the control of the rasp is purely electrical without 
springs, without mechanical resonances, or other me- 



chanical means. 

[0034] Atypical motion of a reciprocating rasp is about 
0,6 cm, and with a cycle time of 1 second. 
[0035] In another embodiment of the invention, the 
5 system provides two signals to the motor or solenoid. 
One, being a low frequency signal, e.g. with cycle time 
of one second, and the other being a high frequency sig- 
nal of, e.g., with a cycle time of one millisecond. The low 
frequency signal is described as above, and the high 
io frequency signal is substantially similar but more rapid. 
The compound signals give a compound motion to the 
reciprocating rasp, i.e. a dithering motion at high fre- 
quency with a short length, for example, in the range of 
0,05 to 0,1 cm superimposed upon the slower stroke of 
is approximately 0,6 cm. For certain surgical applications, 
this should prove advantageous. The control for both the 
high frequency and low frequency signal and the drive 
for them, would be a system as set forth herein. 
[0036] It should be appreciated that the present inven- 
20 tion is a control system for an electrical output, which 
drives for example, an electrical stepper or brushless 
motor with a rotating or reciprocating output. It provides 
precise control of both the force or torque, which the mo- 
tor will produce, and also the velocity or speed at which 
25 the motor rotates or reciprocates. This is achieved due 
to the nature of the electrical output signal, and the table 
look-up in the controller, which table look-up can be ad- 
justed easily and electronically, e.g. from a computer ter- 
minal for the various applications which the motor will 
30 be used, and the loads and degree of accuracy placed 
upon those motors. 

[0037] It will be understood that each of the elements 
described above, or two or more together, also may find 
a useful application in other types of constructions dif- 

35 fering from the types described above. 

[0038] While the invention has been illustrated and 
described as embodied in an all-digital speed control 
system for brushless three-phase DC motor, it is not in- 
tended to be limited to the details shown, since various 

40 modifications and structural changes may be made 
without departing in any way from the scope of the 
present invention as defined in the following claims. 



45 Claims 

1. An all-digital control system for a motor having an 
armature, comprising, 

50 (a) a main digital signal processor for supplying 

a digital input command signal indicative of a 
desired motor operation; 
(b) a drive controller in digital communication 
with the main processor, for generating, for 

55 each phase of the motor, and in response to the 

command signal, a digital commutation signal 
to move the armature, and a digital pulse width 
modulated signal having a duty cycle estab- 
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lished by the input command signal; 

(c) switching means in digital communication 
with the controller, for generating, for each 
phase, and in response to each commutation 
signal and each pulse width modulated signal, 
a digital two-state control signal having an on- 
state which lasts for said duty cycle; 

(d) means in digital communication with the 
controller, for generating, for each phase, a dig- 
ital tachometer signal indicative of armature po- 
sition; 

(e) said controller being further operative for 
processing the tachometer signal, to generate 
a digital output signal indicative of the actual ar- 
mature speed or position, and for communicat- 
ing the digital output signal to the main proces- 
sor, wherein said controller includes a first look- 
up table having bit patterns corresponding to 
different armature positions and second look- 
up table for modulating said pulse width modu- 
lated signal. 

2. The system according to claim 1 , wherein the main 
processor and the drive controller are interconnect- 
ed by, and digitally communicate through, a parallel 
bus or serial optical fibres. 

3. The system according to claim 1 , wherein the pulse 
width modulated signal has two states, and wherein 
the controller includes timer means having a timer 
output signal whose duration is established by the 
state of the pulse width modulated signal. 

4. The system according to claim 1 , wherein the con- 
troller includes watchdog timer means having a pre- 
determined watchdog time, and wherein the con- 
troller includes shutdown means for ceasing gener- 
ation of the commutation signals upon elapse of 
said watchdog time without receipt of the input com- 
mand signal. 

5. An all-digital speed control system for a motor hav- 
ing an armature, comprising: 

(a) a main digital signal processor for supplying 
a digital input speed signal indicative of a de- 
sired armature speed; 

(b) a drive controller in direct digital communi- 
cation with the main processor, for generating, 
for each phase, and in response to the input 
speed signal, a digital commutation signal to 
move the armature, and a digital pulse width 
modulated signal having a duty cycle estab- 
lished by the input speed signal; 

(c) switching means in digital communication 
with the controller, for generating, for each 
phase, and in response to each commutation 
signal and each pulse width modulated signal, 



a digital two-state speed control signal having 
an on-state which lasts for said duty cycle; 

(d) means in direct digital communication with 
the controller, for generating, for each phase, a 

5 digital tachometer signal indicative of armature 

position; 

(e) said controller being further operative for 
processing the tachometer signal, to generate 
a digital output speed signal indicative of the 

10 actual armature speed and for directly digitally 

communicating the output speed signal to the 
main processor, wherein said controller in- 
cludes a first look up table having bit patterns 
corresponding to different armature positions 

15 and a second look up table for modulating said 

pulse width modulated signal. 

6. The system according to claim 5, wherein the duty 
cycle of the pulse width modulated signal lies in an 

20 approximate range between 5% and 95%. 

7. The system according to claim 5, wherein the pulse 
width modulated signal is carried on a signal carrier 
having a frequency of approximately 3.9 kHz. 

25 

8. The system according to claim 5, wherein the pulse 
width modulated signal has two states, and wherein 
the controller includes timer means having a timer 
output signal whose duration is established by the 

30 state of the pulse width modulated signal. 

9. The system according to claim 5, wherein the con- 
troller includes watchdog timer means having a pre- 
determined watchdog time, and wherein the con- 

35 troller includes shutdown means for ceasing gener- 
ation of the commutation signals upon elapse of 
said watchdog time without receipt of the input » 
speed signal. 

40 1 o. The system according to claim 2, wherein a second- 
pulse width modulated signal is superimposed on 
said first pulse width modulated signal to provide a 
compound motion of said motor. 

45 11. The system according to claim 10 further compris- 
ing a surgical instrument connection to said motor 
output whereby said compound motion is being 
conveyed to a surgical instrument. 

50 1 2. The system according to claim 1 1 where said motor 
is a linear motor having fore and aft motion. 

13. The system according to claim 12 wherein said in- 
strument is a reciprocating rasp with said first signal 
55 driving said rasp with a stroke with about 0,6 cm, 
and said second signal devising said rasp with a 
stroke length of about 0,05 to 0,1 cm. 
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1 4. The system according to claim 1 2 wherein the force 
in each motion of said instrument is exclusively con- 
trolled by the duty cycle of each of said pulses. 

1 5. The system according to claim 1 , wherein the com- s 
mand signal is for oscillations of a rotary motor, and 
said motor further comprising an output for connec- 
tion to a surgical instrument, and to which instru- 
ment the system inputs said oscillatory motion. 

10 

1 6. The system according to claim 1 5, wherein said sur- 
gical instrument is an oscillatory shaver. 

17. The system according to claim 16, wherein said 
shaver oscillates 360° in each direction at a rate of '5 
approximately 1 2 rpm. 

18. The system according to claim 1, wherein said mo- 
tor is a rotary motor and comprises an output for 
connection to a surgical instrument, and said sys- 20 
tern further comprising an electric control for limiting 
torque applied to said output, with said torque limiter 
regulating the duty cycle of said pulse width modu- 
lating signal, whereby excessive torque is not ap- 
plied to said instrument. 25 

19. The system according to claim 18, wherein said 
torque limiter compares motor speed as generated 
from said digital output signal from said tachometer 
signal with the corresponding duty cycle of the con- 30 
trol signal which comparison is proportional to 
torque. 



signal zu erzeugen, das einen Einschaltzu- 
stand besitzt, der so lange wie die Tastrate dau- 
ert, 

(d) Einrichtungen, die digital mit der Steuerung 
kommunizieren, um fur jede Phase ein digitales 
Drehzahlmessersignal zu erzeugen, das die 
Ankerposition anzeigt, 

(e) wobei die Steuerung weiterhin die Verarbei- 
tung des Drehzahlmessersignals, um ein digi- 
tales Ausgangssignal, das die aktuelle Ge- 
schwindigkeit und Position des Ankers anzeigt, 
zu erzeugen, und die Kommunikation des digi- 
talen Ausgangssignals an den Hauptprozessor 
durchf uhrt, und die Steuerung eine erste Tabel- 
le mit Bitmustern, die unterschiedlichen Posi- 
tionen des Ankers wobeientsprechen, und eine 
zweite Tabelle zur Modulation des pulsbreiten- 
modulierten Signals enthalt. 

2. System nach Anspruch 1 , dadurch gekennzeichnet, 
daG der Hauptprozessor und die Antriebssteuerung 
miteinander durch einen parallelen Bus oder seriel- 
le Lichtwellenleiter digital kommunizieren. 

3. System nach Anspruch 1 , dadurch gekennzeichnet, 
daf3 das pulsbreitenmodulierte Signal zwei Werte 
aufweist, und daG die Steuerung einen Zeitgeber 
mit einem Zeitgeberausgangssignal einschlieGt, 
dessen Dauer durch den Wert des pulsbreitenmo- 
dulierten Signals bestimmt wird. 



Patentanspruche 35 

1. Volldigitales Steuersystem fur einen Motor, der ei- 
nen Anker besitzt, mit 

(a) einem digitalen Haupt-Signalprozessor zum 40 
Bereitstellen eines digitalen Eingangsbefehls- 
signals, das den gewunschten Motorbetrieb 
anzeigt, 

(b) einer Antriebssteuerung, die digital mit dem 
Hauptprozessor kommuniziert, um fur jede 
Phase des Motors und auf das Befehlssignal 
ansprechend ein digitales Stromwendesignal 
zur Bewegung des Ankers und ein digitales, 
pulsbreitenmoduliertes Signal mit einer von so 
dem Eingangsbefehlsignal festgelegten Ta- 
strate zu erzeugen, 

(c) einer Schalteinrichtung, die digital mit der 
Steuerung kommuniziert, um fur jede Phase 55 
des Motors und auf jedes Stromwendesignal 
sowie jedes pulsbreitenmodulierte Signal an- 
sprechend ein digitales, zweiwertiges Steuer- 



4. System nach Anspruch 1 , dadurch gekennzeichnet, 
daG die Steuerung einen Uberwachungszeitgeber 
einschlieGt, der eine vorbestimmte Uberwachungs- 
zeit aufweist, und daG die Steuerung eine Abschalt- 
einrichtung fur ein Unterlassen der Generierung 
von Stromwendesignalen, nachdem die Uberwa- 
chungszeit ohne Empfang eines Eingangsbefehis- 
signals verstrichen ist, einschlieGt. 

5. Volldigitales Geschwindigkeitssteuersystem fur ei- 
nen Motor, der einen Anker besitzt, mit 

(a) einem digitalen Haupt-Signalprozessor zum 
Bereitstellen eines digitalen Geschwindigkeits- 
eingangssignals, das die gewunschte Anker- 
geschwindigkeit anzeigt, 

(b) einer Antriebssteuerung, die direkt digital 
mit dem Hauptprozessor kommuniziert, um fur 
jede Phase und auf das Geschwindigkeitsein- 
gangssignal ansprechend ein digitales Strom- 
wendesignal zur Bewegung des Ankers sowie 
ein digitales, pulsbreitenmoduliertes Signalmit 
einer von dem Geschwindigkeitseingangssi- 
gnal festgelegten Tastrate zu erzeugen, 
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(c) einer Schalteinrichtung, die digital mit der 
Steuerung kommuniziert, um fur jede Phase 
und auf jedes Stromwendesignal sowie jedes 
pulsbreitenmodulierte Signal ansprechend ein 
digitales, zweiwertiges Geschwindigkeitssteu- 
ersignal zu erzeugen, das einen Einschattzu- 
stand besitzt, der solange wie die Tastrate dau- 
ert, 

(d) Einrichtungen, die direkt digital mit der 
Steuerung kommunizieren, um fur jede Phase 
ein digitales Drehzahlmessersignal zu erzeu- 
gen, das die Ankerposition anzeigt, 

(e) wobei die Steuerung weiterhin die Verarbei- 
tung des Drehzahlmessersignals, um ein digi- 
tales Geschwindigkeitsausgangssignal, das 
die aktuelle Ankergeschwindigkeit anzeigt, zu 
erzeugen, und die direkte digitale Kommunika- 
tion des digitalen Geschwindigkeitsausgangs- 
signals mit dem Hauptprozessor durchfuhrt, 
und die Steuerung eine erste Tabelle mit Bitmu- 
stem, die unterschiedlichen Positionen des An- 
kers entsprechen, und eine zweite Tabelle zur 
Modulation der pulsbreitenmodulierten Signale 
aufweist. 

6. System nach Anspruch 5, dadurch gekennzeichnet, 
daB das die Tastrate des pulsbreitenmodulierten Si- 
gnals im wesentlichen in einem Bereich zwischen 
5% und 95% liegt. 

7. System nach Anspruch 5, dadurch gekennzeichnet, 
daB das pulsbreitenmodulierte Signal durch ein 
Tragersignal mit einer Frequenz von ungefahr 3,9 
kHz Obertragen wird. 

8. System nach Anspruch 5, dadurch gekennzeichnet, 
daB das pulsbreitenmodulierte Signal zwei Werte 
aufweist und die Steuerung einen Zeitgeber mit ei- 
nem Zeitgeberausgangssignal aufweist, dessen 
Dauer durch den Wert des pulsbreitenmodulierten 
Signals festgelegt ist. 

9. System nach Anspruch 5, dadurch gekennzeichnet, 
daB die Steuerung einen Uberwachungszeitgeber 
einschlieBt, der eine bestimmte Uberwachungszeit 
aufweist, und daB die Steuerung eine Abschaltein- 
richtung fur ein Unterlassen der Generierung von 
Stromwendesignalen, nachdem die Oberwa- 
chungszeit ohne Empfang eines Geschwindigkeits- 
eingangssignals verstrichen ist, einschlieBt. 

1 0. System nach Anspruch 2, dadurch gekennzeichnet, 
daB ein zweites pulsbreitenmoduliertes Signal dem 
ersten pulsbreitenmodulierten Signal uberlagert ist, 
um eine zusammengesetzte Bewegung des Motors 
zu schaffen. 



11. System nach Anspruch 10, dadurch gekennzeich- 
net, daB weiterhin eine Verbindung fur ein chirurgi- 
sches Instrument mit dem Motorabtrieb vorgesehen 
ist, wobei die zusammengesetzte Bewegung auf 
ein chirurgisches Instrument Obertragen wird. 

12. System nach Anspruch 11, dadurch gekennzeich- 
net, daB der Motor ein Linearmotor mit einer Vor- 
und Zuruckbewegung ist. 



10 



13. System nach Anspruch 12, dadurch gekennzeich- 
net, daB das Instrument als eine hin- und hergehen- 
de Raspel ausgebildet ist, wobei das erste Signal 
die Raspel mit einem Hub von ungefahr 0,6 cm an- 

*5 treibt und das zweite Signal die Raspel mit einer 
Hublange von ungefahr 0,05 bis 0,1 cm versieht. 

14. System nach Anspruch 12, dadurch gekennzeich- 
net, daB die Kraft bei jeder Bewegung des Instru- 

20 ments ausschtieBlich durch die Tastrate von jedem 
der Signale gesteuert ist. 

15. System nach Anspruch 1 , dadurch gekennzeichnet, 
daB das Befehlssignal furOszillationen eines rotie- 

2S renden Motors sorgt und daB der Motor weiterhin 
einen Abgang zur Verbindung mit einem chirurgi- 
schen Instrument aufweist, wobei an diesem Instru- 
ment die oszillatorische Bewegung des Systems 
anliegt. 



30 
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16. System nach Anspruch 15, dadurch gekennzeich- 
net, daB das chirurgische Instrument als ein oszil- 
lierender Schaber ausgebildet ist. 

17. System nach Anspruch 16, dadurch gekennzeich- 
net, daB der Schaber um 360° in jede Richtung bei 
einer Geschwindigkeit von ungefahr 12 U/min os- 
zilliert. 



40 1 8. System nach Anspruch 1 , dadurch gekennzeichnet, 
daB der Motor als Rotations motor ausgebildet ist 
und einen Abgang zur Verbindung mit einem chir- 
urgischen Instrument aufweist, und daB das Sy- 
stem weiterhin eine elektrische Steuerung zur Be- 

45 grenzung des Drehmoments an dem Abgang auf- 
weist, wobei der Drehkraftbegrenzer die Tastrate 
des pulsbreitenmodulierten Signals reguliert, wo- 
durch ein GbermaBig hohes Drehmoment nicht an 
das Instrument angelegt wird. 

so 

19. System nach Anspruch 18, dadurch gekennzeich- 
net, daB der Drehkraftbegrenzer die Motorge- 
schwindigkeit wie sie aus dem digitalen Ausgangs- 
signal von dem Drehzahlmessersignal erzeugt wird 
55 mit der entsprechenden Tastrate des Steuersignals 
vergleicht, wobei der Vergleich proportional zum 
Drehmoment ist. 
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Revendications 

1. Systeme de commande entierement numerique 
pour un moteur possedant un induit, comprenant 

(a) un processeur principal de signaux numeri- 
ques pour delivrer un signal de commande 
d'entree numerique indicatif d'un fonctionne- 
ment desire du moteur; 

(b) une unite de commande d'entrainement en 
communication numerique avec le processeur 
principal pour produire, pour chaque phase du 
moteur et en reponse au signal de commande, 

I un signal de commutation numerique pour de- 
placer I'induit, et un signal num6rique module 
selon une modulation d'impulsions en duree, 
possedant un cycle d'application fixe par le si- 
gnal de. commande d'entree; 

(c) des moyens de commutation en communi- 
cation numerique avec I'unite de commande 
pour produire, pour chaque phase et en repon- 
se a chaque signal de commutation et a chaque 
signal module selon une modulation d'impul- 
sions en duree, un signal de commande nume- 
rique a deux etats possedant un etat applique 
qui dure pendant ledit cycle d'application; 

(d) des moyens en communication numerique 
avec I'unite de commande pour produire pour 
chaque phase un signal tachymetrique nume- 
rique indicatif de la position de I'induit; 

(e) ladite unite de commande agissant en outre 
de maniere a traiter le signal tachymetrique 
pour produire un signal de sortie numerique in- 
dicatif de la vitesse ou de la position reelle de 
I'induit, et pour communiquer le signal de sortie 
numerique au processeur principal, ladite unite 
de commande comprenant une premiere table 
de consultation comportant des profils binaires 
correspondant a des positions differentes de 
I'induit, et une seconde table de consultation 
pour moduler ledit signal module selon une mo- 
dulation d'impulsions en duree. 

2. Systeme selon la revendication 1, dans lequel le 
processeur principal et I'unite de commande d'en- 
trainement sont interconnects et communiquent 
numeriquement par Pintermediaire d'un bus paral- 
lel ou de fibres optiques en serie. 

3. Systeme selon la revendication 1 , dans lequel le si- 
gnal module selon une modulation d'impulsions en 
duree comporte deux etats, et dans lequel I'unite de 
commande comprend des moyens formant minute- 
rie, delivrant un signal de sortie de minuterie dont 
la duree est fixee par I'etat du signal module selon 
une modulation d'impulsions en duree. 

4. Systeme selon la revendication 1 , dans lequel I'uni- 



te de commande comprend des moyens formant 
minuterie "chien de garde" contenant une duree de 
minutage predelerminee, et dans lequel I'unite de 
commande comprend des moyens d'arret pour in- 
5 terrompre la production des signaux de commuta- 
tion lors de Pecoulement de ladite duree de minuta- 
ge sans reception du signal de commande d'entree. 

5. Systeme de commande de vitesse entierement nu- 
io merique pour un moteur comportant un induit, 

comprenant : • • - 

(a) un processeur principal de signaux numeri- 
ques servant a delivrer un signal de vitesse 

15 d'entree numerique indicatif d'une vitesse de- 

siree de I'induit; 

(b) une unite de commande d'entrainement en 
communication numerique directe avec le pro- 
cesseur principal pour produire, pour chaque 

20 phase et en reponse au signal de vitesse d'en- 

tree, un signal de commutation numerique pour 
deplacer I'induit, et un signal numerique modu- 
le selon une modulation d'impulsions en duree 
et possedant un cycle d'application fixe par le 

25 signal de vitesse d'entree; 

(c) des moyens de commutation en communi- 
cation numerique avec I'unite de commande 
pour produire, pour chaque phase et en repon- 
se a chaque signal de commutation et a chaque 

30 signal module selon une modulation d'impul- 

sions en duree, un signal numerique de com- 
mande de vitesse a deux etats possedant un 
etat applique qui dure pendant ledit cycle d'ap- 
plication; 

35 (d) des moyens en communication numerique 

directe avec I'unite de commande pour produi- 
re, pour chaque phase, un signal de tachymetre 
numerique indicatif de la position de I'induit; 
(e) ladite unite de commande agissant en outre 

40 de maniere a traiter le signal tachymetrique 

pour produire un signal de vitesse de sortie nu- 
merique indicatif de la vitesse reelle de I'induit, 
et servant a transmettre directement, de facon 
numerique, le signal de vitesse de sortie au pro- 

45 cesseur principal, ladite unite de commande 

comprenant une premiere table de consultation 
possedant des profils binaires correspondant a 
des positions differentes de I'induit, et une se- 
conde table de consultation servant a moduler 

50 ledit signal module selon une modulation d'im- 

pulsions en duree. 

6. Systeme selon la revendication 5, dans lequel le cy- 
cle d'application du signal module selon une modu- 

55 lation d'impulsions en duree se situe dans une gam- 
me approximative comprise entre 5 % et 95 %. 

7. Systeme selon la revendication 5, dans lequel le si- 
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gnal module selon une modulation d'impulsions en 
duree est porte par une porteuse du signal qui pos- 
sede une frequence d'environ 3,9 kHz. 

8. Systeme selon la revendication 5, dans lequel le si- 
gnal module selon une modulation d'impulsions en 
duree comporte deux etats, et dans lequel Punite de 
commande comprend des moyens f ormant minute- 
rie possedant un signal de sortie de minuterie, dont 
la duree est fixee par Petat du signal moduli selon 
une modulation d'impulsions en duree. 

9. Systeme selon la revendication 5, dans lequel Puni- 
te de commande comprend des moyens formant 
minuterie "chien de garde" poss6dant une duree de 
minutage predeterminee et dans lequel I'unite de 
commande comprend des moyens d'interruption 
pour arreter la production des signaux de commu- 
tation lors de I'ecoulement de la duree de minutage 
sans reception du signal de vitesse d'entree. 

10. Systeme selon la revendication 2, dans lequel un 
second signal module selon une modulation d'im- 
pulsions en duree est superpose audit premier si- 
gnal module selon une modulation d'impulsions en 
duree pour produire un mouvement composite dudit 
moteur. 



instrument chirurgical est un rasoir oscillant. 

1 7. Systeme selon la revendication 1 6, dans lequel ledit 
rasoir oscille sur 360° dans chaque direction a une 
5 vitesse d'environ 12 tr/mn. 



18. Systeme selon la revendication 1, dans lequel ledit 
moteur est un moteur rotatif et comporte une sortie 
pour sa connexion a un instrument chirurgical, et 
ledit systeme comporte en outre une commande 
electrique pour limiter le couple applique a ladite 
sortie, ledit limiteur de couple reglant le cycle du- 
plication dudit signal de modulation d'impulsions en 
duree, ce qui a pour effet qu'aucun couple excessif 
n'est applique audit instrument. 
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19. Systeme selon la revendication 18, dans lequel ledit 
limiteur de couple compare la vitesse du moteur tel- 
le qu'elle est produite par ledit signal de sortie a par- 
tir dudit signal tachymetrique avec le cycle corres- 
pondant d'application du signal de commande, la- 
quelle comparaison est proportionnelle au couple. 



25 



11. Systeme selon la revendication 10, comprenant en 
outre la connexion d'un instrument chirurgical a la- 
dite sortie du moteur, ce qui a pour effet que ledit 
deplacement composite est applique a Pinstrument 
chirurgical. 



30 



1 2. Systeme selon la revendication 1 1 , dans lequel ledit 35 
moteur est un moteur lineaire possedant un depla- 
cement alternatif d'avant en arriere. 

1 3. Systeme selon la revendication 1 2, selon lequel le- 
dit instrument est une rape se deplacant en va-et- 40 
vient, ledit premier signal commandant ladite rape 
selon une course d'environ 0,6 cm et ledit second 
signal entramant ladite rape sur une course d'une 
longueur d'environ 0,05 a 0,1 cm. 

45 

14. Systeme selon la revendication 12, dans lequel la 
force lors de chaque deplacement dudit instrument 
est commandee exclusivement par le cycle d'appli- 
cation de chacune desdites impulsions. 

so 

15. Systeme selon la revendication 1 , dans lequel le si- 
gnal de commande sert a commander des oscilla- 
tions d'un moteur rotatif, et ledit moteur comporte 
en outre une sortie destinee a etre connectee a un 
instrument chirurgical, le systeme appliquant ledit 55 
deplacement oscillatoire a cet instrument. 

16. Systeme selon la revendication 15, dans lequel ledit 
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FIG. 6. 
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